QUESTIONS: P. aeruginosa infections are assumed to play a major role in the frequency of exacerbations and severity of chronic obstructive pulmonary disease (COPD). Colonisation with P. aeruginosa accelerates lung function decline, most probably due to more frequent exacerbations. In this retrospective study we aimed to determine the prevalence of colonisation with P. aeruginosa in COPD patients treated in a tertiary hospital centre. METHODS: 112 patients diagnosed with COPD testing positive for P. aeruginosa in at least one respiratory sample during the study period (2004)(2005)(2006)(2007)(2008) were retrospectively analysed to estimate GOLD stage-specific prevalences, colonisation patterns, morphology and antibiotic resistance profiles of P. aeruginosa strains. RESULTS: Colonisation with P. aeruginosa was present in all COPD stages, but prevalence significantly increased with disease severity (GOLD 1: 0.7%, GOLD 2: 1.5%; GOLD 3: 1.5%; GOLD 4: 2.6%; p = 0.0003). 41% of COPD patients with P. aeruginosa-positive respiratory samples were chronic carriers, of whom 8% had mucoid strains. Carriage of a mucoid strain was associated with advanced COPD stage GOLD 4 (p = 0.01). Resistance to cephalosporins was most frequently encountered and resistance to ciprofloxacin was found in more advanced stages of COPD. CONCLUSIONS: Colonisation with P. aeruginosa was present in all COPD severity stages and colonisation with mucoid strains was more frequent in advanced COPD. Resistance to the only oral anti-pseudomonas antibiotic ciprofloxacin was more frequently encountered in severe COPD stages.
Introduction
Bacterial infections play a central role in the pathogenesis and clinical course of chronic obstructive pulmonary disease (COPD) [1] . COPD is characterised by non-reversible obstruction of lower airways and its severity is graded according to the Global Initiative for Obstructive Lung Disease (GOLD) classification into four categories, ranging from stage 1 (mild) to 4 (severe) (www.goldcopd.com). In patients with a more advanced disease state, colonisation with bacteria during a clinically stable episode is common, subsequently increasing the risk of exacerbations, and a higher frequency of exacerbations is, in turn, known to accelerate lung function decline [2] . P. aeruginosa is a non-fermentative, gram-negative bacterium known for its capacity to generate resistances against broad-spectrum antibiotics [3, 4] . It is one of the most important pathogens in patients with chronic lung infections and is commonly found in severe COPD during exacerbations as well as during clinically stable periods [1] . Colonisation with P. aeruginosa has been reported to require a structurally altered mucosa, was associated with more advanced COPD, and has been identified as the most frequent bacterial pathogen in severe COPD stages [1, [5] [6] [7] . In COPD patients the majority of P. aeruginosa infections are probably transient in nature with a colonisation time of less than one month [1, 8, 9] . Once chronic infection is established, mucoid P. aeruginosa strains emerge, displaying higher mutation rates, less motility, and increased propensity to generate a bio-film [8, 10, 11] . The overall frequency of chronic infection with P. aeruginosa in all COPD stages, defined by Murphy et al. as a colonisation longer than 6 months, is low (22.8%) [12] . Mucoid strains emerge with time, rendering eradication increasingly difficult, if not impossible [1, 4, 10] . Moreover, hypermutation, a spontaneous mutation rate above normal levels, leads to multi-resistance [4, 11] . This correlates with higher antibiotic resistance rates in chronic infection [11] . Furthermore, patients with severe COPD have more frequent exacerbations and therefore undergo more antibiotic treatments that may select for resistant pathogens [1, 5, 8] . The presence of multi-resistant P. aeruginosa strains, defined as the absence of susceptibility to three or more antibiotic families, significantly increases 2-year mortality to 60%, as compared to 28% in patients with less resistant organisms [3, 13] . This is probably related to inappropriate choice of antibiotic treatment rather than increased clone virulence. The aims of this single centre retrospective study were: first, to estimate the prevalence of P. aeruginosa in respir-atory samples of COPD patients and, second, to analyse antibiotic resistance patterns in P. aeruginosa isolates from COPD patients.
Methods

Study design
The local ethics committee (Kantonale Ethikkommission, Bern) approved the study. All COPD patients treated at Bern University Hospital during the period from 1 January 2004 to 31 December 2008, with isolation of P. aeruginosa from at least one respiratory tract sample (sputum, induced sputum, tracheo-bronchial aspirate, broncho-alveolar lavage) were eligible for our retrospective study. In a first analysis, based on the ICD-10 database of the institutional coding department ProCod, we determined that n = 6,997 patients, either hospitalised or seen as outpatients between 1 January 2004 and 31 December 2008 at the Bern University Hospital, had COPD as the primary diagnosis or as a co-morbidity. The diagnosis of COPD was based on the ICD-10 codes for emphysema (ICD-10 code J43) and other chronic obstructive pulmonary diseases (ICD-10 code J44). In a second analysis we identified n = 386 patients colonised with P. aeruginosa through the laboratory database of the Institute of Infectious Diseases, University of Bern. In a third analysis, patients identified by laboratory database were matched with hospital ICD-10 statistics from ProCod. From n = 386 patients colonised with P. aeruginosa, COPD was also diagnosed in n = 112. An overview of the patient populations included for analyses is given in figure 1 . Records from COPD patients in whom P. aeruginosa was isolated in at least one respiratory sample were analysed for socio-demographic and clinical characteristics, including severity of COPD according to GOLD classification (www.goldcopd.com), and P. aeruginosa colonisation patterns. In patients colonised by P. aeruginosa but not suffering from COPD the underlying diagnoses were also ob- Overview of study population, sample lung function sub-population, and respiratory samples included in the analyses during the study period from 1 January 2004 to 31 December 2008. Total patients with COPD, patients either hospitalised or seen as outpatients between 1 January 2004 and 31 December 2008 at Bern University Hospital who had COPD as primary diagnosis or co-morbidity; lung functions, representative sample population of COPD patients who underwent lung function testing in the respiratory medicine department during the study period; P. aeruginosa + respiratory samples, isolates (sputum, induced sputum, tracheo-bronchial aspirate, broncho-alveolar lavage) from which P. aeruginosa was cultured.
tained. Microbiological data on bacterial colony characteristics and antibiotic resistances were retrieved from the laboratory database. Chronic P. aeruginosa colonisation was defined as at least two positive respiratory samples isolated more than one month apart. Resistance to anti-pseudomonas antibiotics was categorised in five groups, i.e. (1) extended spectrum penicillins, (2) monobactams and cephalosporins, (3) carbapenems, (4) aminoglycosides and (5) quinolones, as summarised in table 1. To determine GOLD stage specific P. aeruginosa colonisation prevalences, we stratified GOLD stages in a representative sample population of n = 998 COPD patients who underwent lung function testing in the respiratory medicine department during the study period ( fig. 1 ). The reason for adopting this approach was that complete lung function data was not sufficiently available for the 6,997 COPD patients. The GOLD stage distribution derived from this sample population made it possible to calculate the expected numbers of individuals within each GOLD stage for the total of n = 6,997 COPD patients seen during the study period at our institution. In a final step, specific prevalences for P. aeruginosa colonisation for each GOLD stage were estimated on the basis of the number of respiratory samples positive for P. aeruginosa (for which GOLD stages were known). Details of the algorithms for the analyses performed are shown in figure 2.
Statistics
Statistical analyses were performed using the two-tailed Chi-square test and a Chi-square test for trend with Prism (Graph Pad, San Diego). A p-value <0.05 was considered statistically significant.
Results
Study population
A total of n = 386 patients in whom P. aeruginosa was detected in respiratory samples were analysed, of whom
Figure 2
Algorithm used to perform analyses and estimations of prevalences. Patient populations, lung functions and respiratory samples were defined in the methods section. COPD severity was graded according to the GOLD classification as detailed in the methods section.
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Swiss Med Wkly. 2012;142:w13509 n = 112 (29.0%) were previously diagnosed with COPD ( fig. 1) . At the time when culture was performed, 80% of the COPD patients were hospitalised and approx. one third were admitted to intensive care (table 2). Of n = 274 patients colonised with P. aeruginosa but with no diagnosis of COPD, n = 165 (42.7%) were treated in the intensive care unit (ICU). One third of this group (n = 118,
Figure 3
Estimated prevalences of P. aeruginosa colonisation in COPD GOLD stages 1-4. Prevalences were estimated as outlined in the Methods section and in figures 1-2. The p-value was obtained with the Chi-square test for trend comparing all GOLD stages for colonisation with P. aeruginosa in the COPD cohort of n = 6,997 patients.
Figure 4
Frequency of mucoid phenotype in P. aeruginosa isolates from COPD patients stratified according to severity of disease (GOLD1-4). p-values were obtainedutilising the Chi-square test.
30.6%) had a respiratory disease (other than COPD), most frequently pneumonia in n = 68 (17.6%) cases (data not shown). 72 patients (18.6%) not hospitalised in the ICU and without the diagnosis of COPD had another respiratory diagnosis, most frequently pneumonia (n = 36, 9.3%), bronchiectasis (n = 13, 3.4%), pleural effusion/empyema (n = 10, 2.6%), asthma/bronchitis (n = 7, 1.8%), or interstitial lung disease (n = 6, 1.6%) (data not shown). In n = 37 patients (9.6%) without a respiratory diagnosis and not hospitalised on the ICU, the most frequently reported disorders were cancer (n = 14, 3.6%), gastrointestinal or renal diseases (n = 10, 2.6%), heart disease or transplantation (kidney, heart) (n = 4 each, 1.0%), neurological disease (n = 3, 0.8%), and others (n = 2, 0.5%) (data not shown).
Prevalence of P. aeruginosa colonisation in COPD patients
According to the database of the institutional coding department, during the study period a total of n = 6,997 patients with COPD as primary diagnosis or co-morbidity had been treated at Bern University Hospital. Respiratory samples were obtained from approximately two thirds (61.3%), i.e. from n = 4,288 COPD patients (conventional sputum (n = 399), induced sputum (n = 14), tracheo-bronchial aspirates (n = 380), broncho-alveolar lavage (n = 134), not further specified (n = 3,361)) (data not shown). In n = 112 COPD patients in whom P. aeruginosa isolated in respiratory samples (54 conventional sputum, 5 induced sputum, 41 tracheo-bronchial aspirates, 12 broncho-alveolar lavage) (table 2), the distribution of COPD GOLD severity stages was: n = 12 (10.7%) GOLD 1, n = 35 (31.2%) GOLD 2, n = 30 (26.8%) GOLD 3, and n = 22 (19.6%) GOLD 4 ( fig. 2) . Despite an extensive search in lung function data, as well as contact with the treating physician, and/or general practitioner responsible for the patient, the degree of COPD severity could not be determined in n = 13 cases (12%). To calculate the prevalences of P. aeruginosa colonisation within different COPD severity stages, the relative distribution of GOLD stages was estimated on the basis of a sample of n = 998 well-characterised COPD patients who underwent lung function testing at our institution during the study period ( fig. 2 ). Estimated stage-specific prevalence rates for colonisation with P. aeruginosa in the total COPD cohort were: GOLD 1: 0.7%, GOLD 2: 1.5%; GOLD 3: 1.5%; GOLD 4: 2.6%. There was a significant association between severity of COPD and prevalence of colonisation (Chi square test for trend p = 0.0003) ( fig. 3 ). In our analysis we defined chronic P. aeruginosa colonisation as at least two positive respiratory samples more than one month apart. Based on this definition, n = 46 (41.1%) COPD patients with P. aeruginosa isolated from respiratory samples were chronically colonised. In this COPD population, the prevalence of chronic carriage in different GOLD COPD stages was as follows: n = 2 (0.1%) GOLD 1; n = 18 (0.8%) GOLD 2; n = 11 (0.6%) GOLD 3; n = 12 (1.4%) GOLD 4. The frequency of mucoid strain carriage in different GOLD stages was significantly associated with severity of COPD ( fig. 4) .
Antibiotic resistance patterns in P. aeruginosacolonised COPD patients P. aeruginosa isolates were routinely analysed for resistance patterns to different anti-pseudomonas antibiotic classes (table 1) . In one case no information on antibiotic resistances was available.
The 112 COPD patients analysed were all colonised with non-mucoid P. aeruginosa strains, with evidence for colonisation with an additional mucoid strain in 12 patients. Among non-mucoid P. aeruginosa strains (n = 112), 58% (n = 65) of the isolates obtained from COPD patients were sensitive to all antibiotics tested (pan-sensitive) and resistances were distributed as follows: n = 27 (24.1%) resistant to one antibiotic group; n = 7 (6.3%) resistant to two antibiotic groups; n = 10 (8.9%) resistant to three groups; and n = 2 (1.8%) resistant to four groups ( fig. 5) . Analysis of the mucoid P. aeruginosa strains (n = 12) showed that n = 5 (41.6%) of the pathogens were sensitive to all antibiotic groups and relatively more strains were resistant to three or more antibiotic groups than in non-mucoid strains ( fig. 5 ).
In n = 46 patients with chronic P. aeruginosa colonisation, n = 19 bacterial isolates (41.3%) were sensitive to all antibiotics, n = 12 (26.1%) had strain resistances to one antibiotic group, n = 5 (10.9%) to two antibiotic groups, n = 8 (17.4%) to three antibiotic groups, and n = 2 (4.3%) to four antibiotic groups (data not shown). In resistant P. aeruginosa isolates (n = 74), resistance to monobactams and cephalosporins (ceftazidim, cefepime, and aztreonam) occurred most frequently, i.e. in n = 28 isolates (37.4%), whereas resistance to aminoglycosides (gentamicin, amikacin, netilmicin, and tobramycin) was observed in n = 16 isolates (21.6%) ( fig. 6 ). Resistances to the other antipseudomonas antibiotic classes occurred at similar frequencies: extended spectrum penicillins (n = 9; 12.2%), carbapenems (n = 11; 14.9%), and fluoroquinolones (n = 10; 13.5%). In COPD GOLD 4, resistance to ciprofloxacin (fluoroquinolones) was the most frequent resistance (60.0%) encountered ( fig. 6 ). Due to low numbers (i.e. GOLD 1: n = 0; GOLD 2: n = 3; GOLD 3: n = 1; GOLD 4: n = 6) there is a fluctuation for ciprofloxacin resistance between GOLD 2 and GOLD 4 in figure 6 . In summary, this data showed that chronic colonisation, mucoid strains, and more extensive antibiotic resistances occurred in patients with advanced COPD GOLD stages.
Discussion
This retrospective analysis performed during the study period January 2004 -December 2008 showed that 1.4% of COPD patients in our institution were colonised with P. aeruginosa. Though colonisation prevalences were highest in advanced COPD GOLD 4 (2.6%), P. aeruginosa was also isolated in less severe COPD stages, i.e. in 0.7% GOLD 1 and 1.5% GOLD 2. The overall colonisation prevalence of 1.4% P. aeruginosa in patients with COPD found in our retrospective study is lower than the reported prevalences published by other authors (3-15%) [1, 4, 5, 8, 11, 12, [14] [15] [16] . There are several possible explanations for our lower prevalence: first, the retrospective nature of our study might have introduced selection biases. Inclusion of patients on the basis of their positive sputum isolates implies that only those suffering from a disease or worsening of their clinical condition severe enough to warrant hospit-
Figure 5
Frequency of resistances against 5 anti-pseudomonas antibiotic classes in 112 COPD patients, all colonised with non-mucoid (n = 112) and some additionally with mucoid (n = 12) P. aeruginosa strains. The anti-pseudomonas antibiotic classes tested are detailed in the Methods section and in table 1. Pan-sens, pansensitive P. aeruginosa isolates. [19] . In comparison, our study population of n = 998 inpatients showed a GOLD 1 to 4 stratification of 26%, 34%, 28%, and 12% respectively. Though several factors may account for the differences observed, the most obvious one is that unequal patient populations were analysed, i.e. outpatients versus a majority of inpatients (80%) in our COPD population. In the latter population, patients had been admitted for a variety of reasons, explaining the higher rates of GOLD 1 stages in our study, whereas only outpatients in more advanced GOLD stages would have consulted in the study by Jochmann et al., introducing a bias towards GOLD stages 2 and 3. Frequency of resistances against anti-pseudomonas antibiotic classes in different COPD stages (GOLD 1-4) for patients colonised with P. aeruginosa (n = 112). Anti-pseudomonas antibiotic groups: Penicillins, extended spectrum penicillins (Ticarcillin, Ticarcillin/ Clavulanic acid, Piperacillin, Piperacillin /Tazobactam), Monobact + Ceph, monobactams and cephalosporins, (Ceftazidim, Cefepime, Aztreonam), carbapenems (Imipenem, Meropenem), aminoglycosides (Gentamicin, Amikacin, Netilmicin, Tobramycin), and quinolones, fluoroquinolones (Ciprofloxacin).
Two salient findings emerge from our study: first, stagespecific distribution of prevalence rates for colonisation with P. aeruginosa showed that about 0.7% of GOLD 1, 1.5% GOLD 2 / 3, and 2.6% of GOLD 4 were affected. Second, as much as 40% of P. aeruginosa colonisation occurred in COPD patients with mild and moderately severe stages (GOLD 1+2). These data contrast with figures reported by other authors, i.e. that P. aeruginosa colonisation predominantly occurred in more advanced disease (GOLD 3 and 4) [1, 5-8, 12, 16, 20] . Only a few studies described infection with P. aeruginosa in less severe stages [2, 7, 14, 21] . In patients with mild COPD stages (GOLD 1), P. aeruginosa was predominantly limited to those who were mechanically ventilated [22] . Consistent with this fact, our study shows that out of n = 47 patients with COPD GOLD 1 or GOLD 2 infected with P. aeruginosa, n = 17 (36%) had received prior ICU treatment. Furthermore, as already discussed above, our data were obtained from patients with a clinical condition severe enough to warrant hospital admission.
Despite the shortcomings of our retrospective analysis, we found that 41% of COPD patients with P. aeruginosa isolated from a respiratory sample were chronically colonised -a figure situated within the wide range of 20-66% previously reported in the literature [1, 4, 8, 11, 14] . In agreement with Murphy et al., we also found that chronic colonisation occurred more frequently in severe COPD (GOLD 4) disease [1] . Consistent with findings previously reported by GarciaVidal et al., sensitivity testing to antibiotics showed that 58% of the P. aeruginosa isolates were pan-sensitive, with no evidence of pan-resistant strains [6] . Sensitivity to antibiotics was affected by the chronicity of colonisation, as illustrated in our study in which 42% of the isolates in chronically colonised patients were resistant to at least one anti-pseudomonas antibiotic. One explanation for this finding may be hypermutation such as frequently occurs in mucoid strains [4] . A limitation of our retrospective study is that we could not obtain data on the number, timing and duration of previous antibiotic treatments to understand the association with increased GOLD stage and antibiotic resistance. The resistance (38%) against monobactams and cephalosporins most frequently detected in our study was previously also described by Miravitlles et al. [5] . Contrary to our findings, bacterial strains in this study were mostly sensitive to ciprofloxacin [5] . Miravitlles et al. also reported that sensitivity to aminoglycosides was maintained in multi-resistant strains and therefore aminoglycosides may represent the treatment of choice in these cases [5] . Our results, however, showed that resistances to aminoglycosides occurred most frequently after those against monobactams / cephalosporins and may therefore influence the choice of antibiotics used in this situation. It is most likely that these discrepancies are due to varying antibiotic prescription policies in different countries that may select for specific antibiotic resistance patterns. Our retrospective study has several noteworthy limitations, i.e. its retrospective nature, as well as lack of serial lung function, systematic serial evaluation of colonisation for P. aeruginosa-positive patients, and information on previ- 
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Figure 1
Overview of study population, sample lung function sub-population, and respiratory samples included in the analyses during the study period from 1 January 2004 to 31 December 2008. Total patients with COPD, patients either hospitalised or seen as outpatients between 1 January 2004 and 31 December 2008 at Bern University Hospital who had COPD as primary diagnosis or co-morbidity; lung functions, representative sample population of COPD patients who underwent lung function testing in the respiratory medicine department during the study period; P. aeruginosa + respiratory samples, isolates (sputum, induced sputum, tracheo-bronchial aspirate, broncho-alveolar lavage) from which P. aeruginosa was cultured.
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Figure 5
Frequency of resistances against 5 anti-pseudomonas antibiotic classes in 112 COPD patients, all colonised with non-mucoid (n = 112) and some additionally with mucoid (n = 12) P. aeruginosa strains. The anti-pseudomonas antibiotic classes tested are detailed in the Methods section and in table 1. Pan-sens, pan-sensitive P. aeruginosa isolates.
Figure 6
Frequency of resistances against anti-pseudomonas antibiotic classes in different COPD stages (GOLD 1-4) for patients colonised with P. aeruginosa (n = 112). Anti-pseudomonas antibiotic groups: Penicillins, extended spectrum penicillins (Ticarcillin, Ticarcillin/Clavulanic acid, Piperacillin, Piperacillin /Tazobactam), Monobact + Ceph, monobactams and cephalosporins, (Ceftazidim, Cefepime, Aztreonam), carbapenems (Imipenem, Meropenem), aminoglycosides (Gentamicin, Amikacin, Netilmicin, Tobramycin), and quinolones, fluoroquinolones (Ciprofloxacin).
